To provide adequate fit for women over a range of sizes, the grading process should reflect their body dimensions. Current methods of creating sized garments are not addressing the need for a good or even an adequate fit for the easy-order system. This study suggests a grading rule allocating system that can improve the appropriateness of clothing for uniform easy-order system. Also, the study proposes a bi-directional grading method subdivided to horizontal and vertical direction. The grading rule allocating system suggested the size increments which improve the fitness of uniform. Using the 5th Size Korea data, the crosstabulation was conducted with 1305 females in the age group 20~49 years, and the size increments including 155~165 of height section and 79~94 of bust section, was selected for easy-order system. Also, the bi-directional grading method subdivided in horizontal and vertical direction was followed by factor analysis based on the circumference and height. And the grading rules were calculated by regression analysis.
I. Introduction
Since the Industrial Revolution, a lot of manufacturers have focused on lowering costs to achieve economies of scale through mass production. However, as the market is getting advanced, the demand on an individual product and service became unstable -860 - † so that manufacturers need customization to make customers satisfied. Till now manufacturers have avoided the customization, since they believed that it increases costs and could not give up economies of scale gained through mass production. However, as mass customization that can achieve customized product without cost increase was introduced in the 1990's, manufacturers have become able to pursue customization without cost increase (Lee & Yoo, 2000) .
According to the international trends of mass customization, it is introduced as the Made-to-Measure (MTM) method with which a cloth is manufactured to meet individual tastes and body shapes in the U.S.A. It is spreading over the menswear market as a method that fulfills demand for personality in the perspective of consumers. In Japan, there is the easyorder system as a method to solve professional labor shortage. Japan lacked professional labors in charge of tailored clothing because of devaluation of the manufacturing jobs by the youth, although there have been a luxury tendency of consumption demand since 1980's. Accordingly, the demand on easy-order has been increased Most of the MTMs and the easy-order systems operated in the U.S.A. and European countries use 3-dimensional measurement technology and automated sewing process and position in the higher valueadded industry with image marketing about the advanced technology. In particular, ARMEE21 of the Swiss army manufactures uniform with a digital method for the first time in the world by using 3D body scanners and Xfit Army system (Human Solution Inc.). This system covers whole manufacturing process from automatic size measurement to uniform delivery (juststyle, 2006) . The easy-order system of Korean mainly targets men's suits and limits the number of measurements. Thus, it is difficult to say that it perfectly satisfies all kinds of customers' body shapes.
Since the IMF restructuring in Korea, the uniform industry has increasing demand on new uniform for the purpose of promoting corporate mood and a sense of unity. Recently, the demand on uniform is continuously increasing as the service leisure industry expands rapidly. However, studies about uniform by now have been limited to uniform design and satisfaction (Kim & Park, 2002; Nam et al., 1997) rather than uniform manufacturing. Moreover, uniform is the item which is frequently worn, its fit takes important role of promoting corporate image as well as the efficiency of work, but it is hard to find the research on development of size system for uniform.
Since uniform is manufactured as mass production, individual body shapes cannot be reflected. Also, the body shapes should be classified in order to improve a cover rate. However, the easy-order system can reflect consumers' size through its unique production system similar to individual customization. Also, it is advantageous as a consumer's repurchase is naturally guaranteed considering the property of uniform that people should wear on continuously. In particular, the easy-order system should make clothes appropriate for each size although the fitting and adjusting process of a customized cloth is omitted. Thus, an effective size positioning system is required to reflect consumers' various body shapes for high productivity. Grading is the manufacturing process of developing a garment pattern in a range of sizes. Pattern alteration by grading principal is the most practical method for adapting a pattern to a consumer's body. So that, it is suggested as an approach to provide fit for mass customization (Ashdown & Dunne, 2006; Schofield & LaBat, 2005) . Therefore, the study suggests a grading rule allocating system that can improve the appropriateness of clothing for uniform easy-order system. Also, the study proposes a bi-directional grading method subdivided to horizontal and vertical direction. This grading method will allow manufacturing the clothing items that is repeatedly worn and purchased such as uniform, which has appropriate fit to size of consumers' body.
II. Methods

Material
For the study, the measurement data of 1305 females in the age group 20~49 years were selected from database of the 5th Size Korea (Korean Agency for Technology and Standards, 2004) . A total of 21 measurements were used to statistical analysis. These included 5 heights, 5 circumferences, 10 lengths, and 1 width measurement, which are reference size for manufacturing an upper garment. The measurements used for analysis are shown at <Table 1>.
Size Positioning for Easy-order
The bust circumference and stature were categorized on the basis of KS clothing size standard. The size categories had deviation as 3cm for bust circumference and 5cm for stature. Each size category of bust circumference covers an indicated body size within ±1.5cm and stature within ±2.5cm. The categorized size increments were classified by crosstabulation analysis. And size combinations with more than 2% of frequency were set as high-frequent size distribution for easy-order system.
Grading Principal
A factor analysis was carried out in order to reduce the number of variables and to detect the structure in the relationships between variables. The number of the factor clarified the contents of the factor through orthogonal rotation by the Varimax method about the factors over eigenvalue 1.00 of Kaiser. The criteria to sort grading items to vertical and horizontal directions were adopted from factor analysis results. Grading rules were calculated by the result of regression analysis. For the statistical analysis, SPSSWIN 12.0 (SPSS Inc.) was utilized.
III. Results
Setting of Optimum Size Increments
Based on KS standard of adult women's size, the size increments of bust circumference and stature was analyzed with crosstabulation analysis method. Size combinations with more than 2% of frequency were set as high-frequent size distribution .
Using the crosstablulation analysis, the 15 size increments were selected as the high frequency and were shown a cover rate of 63.68% in the total subjective groups (Table 2) . Although the size positioning could cause too many sizes which decreases the productivity, these size increments are necessary for increasing fitness of uniform which is frequently worn. Also, uniform is expected to be purchased continuously, thus the decrease in productivity due to diversification of size is lower than other clothing items.
The size increments in <Table 2>, bust circumference and stature not vary in the same direction, they are independently act as 82-165 (bust circumferencestature), 91-165, 94-155. To manufacture these various sizes, the solution that overcomes the existing linear grading is needed. Therefore, the study suggests the bi-directional grading method subdivided to horizontal and vertical directions for grading various sizes composed by bust circumference and stature.
Grading Sources
The grading points were collected from representative pattern books and 4 apparel industries. The results shows that grading points related to circumferences were included neck width, neck depth, shoulder length, neck shoulder point to bust point, center front to bust point, mid armhole, armscye width, and upper sleeve width as shown at <Table 3>. The height related items for application of a grading rule are armscye depth, side length, center back, and sleeve length (Table 4 ). The back neck depth and front neck depth items are sometimes not be graded, while grading of waist back length is also often conducted once in the level of scye depth. In grading for height related items, previous studies did not put specific size increments, but suggested it proportionate to deviation of circumference related items (Price & Zamkoff, 1996; Uh, 2005) or selected it based on a ratio of drawing formulas in the size table of original drawing (Secoli, 1999) . U.S. anthropometric researchers O'Brien and Shelton (1941) found that height did not correlate with width measurements and they recommended separate sets of size charts for women of three different heights, which would provide many more size options.
Women's apparel companies had a grading tendency different from actual size labeling. Even in the Total  1  13  137  385  449  242  74  3  1  1305 same size of stature, the length was graded. Or, a grading rule seems so little despite a 5cm deviation of stature. For example, in grading between 82-91-160, 85-94-160, and 88-97-165 sizes, the rule for waist back length was 5mm constantly. This means that the 5cm deviation of stature was reflected in the entire grading process for the 3 sizes, separately their size label. Such grading rule can be one of the ways to satisfy various consumers' body shapes in the ready-to-wear market. However, it is not appropriate for the easy-order system that minimizes fitting and adjusting processes and maximizes reflection of consumers' body size. Therefore, the length and circumference grading rules should be separated to reflect size increments as in the rule of the study. Also, reflecting actual deviation can reflect consumers' sizes in the easy-order system.
Measurements Categorizing
A factor analysis was conducted with 15 measurements of a bust, which are required for clothing pattern system of an upper garment and drew 3 factors including circumference, height, and shoulder factors. After varimax rotation, the Eigen values of all the 3 factors became more than 1, of which cumulative variance value was 80.41%. Factor 1 height related measurements; Factor 2 included circumference measurements related to obesity; Factor 3 included measurements related to shoulder width (Table 5 ). The general size grading is conducted with fixed grading variation of circumference and height simultaneously. Even though this grading reflects the existing size of ready-to-wear clothing, it is hard to satisfy all the sizes in easy-order system which is comprised of various sizes. Therefore, the study subdivided the grading variation to horizontal and vertical direction according to the result of factor analysis. The Circumference factor is defined as horizontal direction, the interscye-back and posterior shoulder length are integrated as horizontal direction since they are linked with the items which is included in circumference factor during grading. Also stature, cervical height, axilla height, waist height, hip height are abstracted as height factor, waist back length, and scye depth which are measured from those factors are defined as vertical direction.
Development Grading Rule by Regression Analysis
According to the factor analysis, the regression analysis was conducted with stature and bust circumference as independent variables for each vertical and horizontal dimension. For the regression analysis, the age groups were classified as 20s, 30s and 40s. The constant term was eliminated due to the proportion between body measurements, and β-values on dependent variables in the regression analysis are on <Table 6>. All of the regression analysis shows that there was a significant effect (p<.000), and the value of R 2 is more than 0.99. Thus, this indicates the explanatory power of height on vertical direction item and of bust circumference horizontal direction item is high. The grading part of the clothing pattern is determined as the result of prior research <Table 3>−<Table 4>, and classified into primary and secondary dimensions (Table 7 )− (Table 8) . The grading rules were extracted by each age group. The primary dimension is the same as the one on body measurement which abstracted by the β-value. And for the Across back and front, the average values were used to maintain. The secondary dimension for the grading of clothing was derived from the primary dimension. The method of detailed derivation of the secondary dimension is on <Table 7>− <Table 8>. Since the clothing pattern is base on the symmetry of human body, most of the pattern targets the half of human body from center front to center back. Therefore, the grading rule was derived from the half of a body on item of horizontal direction, except for upper arm circumference and neck shoulder point to bust point. The measurements of grading rule of vertical direction, upper arm circumference, and neck shoulder point to bust point were substituted as the same body measurement. The grading rule was base on 3cm of bust circumference and 5 cm of stature variation as the size increments.
The application of the grading rule based on the regression analysis and the bi-directional grading method subdivided to horizontal and vertical direction for grading are shown on <Fig. 1>−<Fig. 2>. The grading rule which is developed by this study was derived from the regression analysis based on the body measurement, is different with the grading rule on <Table 3>− <Table 4>. However, it suggests the bi-directional grading method subdivided to horizontal and vertical direction for grading, and covers various size combinations, and is meaningful suggestion that the grading rule can be made with the proportion of the body measurement.
IV. Conclusions
To provide adequate fit for women over a range of sizes, the grading process should reflect their body dimensions. Current methods of creating sized garments are not addressing the need for a good or even an adequate fit for the easy-order system. So, this study suggested the bi-directional method to change a pattern for each measurements. The grading rule was dualized for horizontal and vertical directions.
This study developed the grading rule allocating system covering various body size based on stature and bust circumference, which are important body measurements and show the volume of body. This grading rule allocating system suggested the size increments which improve the fitness of uniform. Using the 5th Size Korea data, the crosstabulation was conducted with 1305 females in the age group 20~49 years, and the size increments including 1551 65 of height section and 79~94 of bust section, was selected for easy-order system. Also, the method that can be altered according to the size increments and the bi-directional grading method subdivided to horizontal and vertical direction for grading were suggested, and the study classified detailed item followed by factor analysis base on the circumference and height. With the consequence of the result, the study conducted regression analysis on expectation of detailed body measurement with stature and bust circumference as independent variables, and suggests grading rule using the β-value.
This suggestion of bi-directional grading method got over the existing linear size system, enables the development of various sizes, and will improve the fitness of products targeted to consumer with various body shapes. Also, the grading rule by regression analysis based on body measurement will reflect properties of each body part according to sizes. This study suggests grading rules for each age group. For uniform production, separated grading for age group mat not be easy to use, but could be useful depends on the age of target market.
The pattern grading, however, is the process of enlargement and reduction without alteration of silhouette of master pattern based on measurement system (Cho, 1999) . The study only suggests the grading rule which is simply in proportion to the body measurement, and it will be difficult to maintain the proportion of the clothing. In addition, the clothing ease for movement wasn't considered since the result was based on the body measurement in comfortable posture. Therefore, the research on the grading rule which considers the clothing ease for movement should be conducted according to the size fluctuation with main- taining the master pattern. In addition, this research couldn't present verification about improvement of uniform fitness since the proposed grading rule allocating system stays as an experimental methodology. Once the proposed grading rule in this study is validated in practice, it is expected that the proposed method enables uniform manufacturers to gain enhanced garment fitness.
